I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

The expert panel on detection, evaluation, and treatment of high blood cholesterol defined the metabolic syndrome as a constellation of metabolic derangements that includes insulin resistance, hypertension, dyslipidemia, central or visceral obesity, impaired glucose tolerance/impaired fasting glucose that is associated with increased risk for development of type 2 diabetes and atherosclerotic vascular disease.\[[@ref1][@ref2][@ref3]\]

Metabolic syndrome is not limited to a particular region, it has engulfed wide regions of the world and the problem is increasing at a rapid pace due to sedentary lifestyle, rapid urbanization, abnormal eating habits and behavioral changes. So it is imperative to search for the best therapy to reduce the burden of the disease.

South Asians are more predisposed to develop type 2 diabetes mellitus (T2DM) and coronary heart disease (CHD).\[[@ref4][@ref5]\] Clustering of cardiovascular risk factors in South Asians was initially reported from UK.\[[@ref6][@ref7]\] Since then, a number of investigators have reported a high prevalence of the metabolic syndrome in South Asian populations settled in other countries. Prevalence of the metabolic syndrome as defined by National Cholesterol Education Program, adult treatment panel III (NCEP, ATP III)\[[@ref1]\] and other criteria ranges from about 11% to 41% in different regions of India.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\]

The atherogenic dyslipidemia associated with the metabolic syndrome is characterized by low concentrations of high-density lipoprotein cholesterol (HDL-C), increased levels of triglyceride (TG); and preponderance of small low-density lipoprotein cholesterol (LDL-C) particles.\[[@ref14]\] Many patients may also have raised LDL-C, which increases the risk of cardiovascular events.\[[@ref15]\]

Statins are the most effective and best-tolerated agents for treating dyslipidemia and they are recognized as first-line therapy for lowering of cholesterol levels.\[[@ref14][@ref16][@ref17][@ref18][@ref19]\] By reducing LDL cholesterol and triglyceride levels and increasing HDL cholesterol,\[[@ref20]\] they have shown to reduce cardiovascular morbidity and mortality in large outcome trials in various populations.\[[@ref21][@ref22][@ref23][@ref24][@ref25][@ref26]\] Moreover, statins have 'pleiotropic' effects, such as reducing oxidative stress and modulating inflammatory responses,\[[@ref27]\] and these effects may improve other risk factors associated with the metabolic syndrome. Evidence suggests that High sensitive C-reactive protein, an inflammatory biomarker is a strong, independent predictor and associated with an increased risk of cardiovascular events.\[[@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36][@ref37]\] Recently conducted Justification for the use of Statins in Primary Prevention and Intervention Trial Evaluating Rosuvastatin Trial, trial has shown that rosuvastatin (Rsv) significantly reduced the incidence of major cardiovascular events even in apparently healthy population with LDL \<130 mg/dl by reducing hs-CRP. Since metabolic syndrome is a pro-inflammatory state, the patients should be evaluated for statin therapy.

A large international, prospective, randomized trial, the Comparative study with Rosuvastatin in Subjects with Metabolic Syndrome study\[[@ref38]\] and some other studies have shown that statins can improve lipid levels in patients with the metabolic syndrome.\[[@ref39][@ref40][@ref41][@ref42]\] Because of the increased Cardiovascular Disease (CVD) risk associated with the metabolic syndrome and extensive clinical trial evidence documenting reduction of CVD risk with statin treatment, all patients with the metabolic syndrome should be evaluated as candidates for statin treatment as part of a multidisciplinary approach to reduce CVD risk.\[[@ref43]\]

Despite the proven benefits of statin therapy, many patients fail to achieve lipid goals in clinical practice.\[[@ref44][@ref45][@ref46][@ref47][@ref48]\] This may be due to inappropriate dosing of statins, increased risk of adverse effects (myopathy and hepatotoxicity) with high-dose statin monotherapy, and insufficient LDL-C-lowering efficacy of current drugs.\[[@ref49][@ref50][@ref51]\] With recent focus on more aggressive treatment guidelines and inability of the high-risk patients to reach their target LDL-C goals with currently available lipid-lowering agents, a search for new therapies or combination therapies with improved efficacy and safety is imperative.

Co-administration of ezetimibe (EZE) with atorvastatin (ATV) may enable more patients to achieve LDL-C goals while avoiding the risks associated with high-dose statin monotherapy through dual inhibition of intestinal cholesterol absorption (EZE) and cholesterol biosynthesis (statin). In previous studies, EZE+ATV co-administration therapy was shown to produce significant incremental reductions in LDL-C with no increased risk of adverse effects compared with ATV alone in patients with raised cholesterol.\[[@ref52][@ref53][@ref54]\]

The present study is the first study designed to evaluate the lipid-lowering effect of a newer statin, Rsv versus a combination of ATV and EZE in patients with metabolic syndrome in the Indian population. Rsv has shown to be more efficacious than ATV in the previous studies, however, the combination of ATV and EZE has also shown to produce significant reduction in LDL-C when compared to ATV alone, with no increased risk of adverse effects, enabling more patients to achieve LDL-C goals, while avoiding the risks associated with high-dose statin monotherapy. This study is designed keeping in mind the search for a better alternative in the patients with metabolic syndrome and dyslipidemia.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

Study design {#sec2-1}
------------

This is a randomized, double-blind, parallel group study comparing the efficacy and safety of Rsv versus a combination of ATV and EZE in the patients with metabolic syndrome, conducted at an Indian tertiary care government teaching hospital. After institutional ethics committee approval and written informed consent, patients meeting the inclusion and exclusion criteria at enrolment entered a 6-week dietary run-in period, in which they were recommended the NCEP ATP III therapeutic life-style-change diet and all lipid-lowering therapy was withdrawn at least 14 days before the end of this period. Eligible patients were then randomized to receive Rsv 5 mg or ATV+EZE (10/10 mg) for 12 weeks \[[Figure 1](#F1){ref-type="fig"}\].

![The study of population flowchart](IJEM-17-472-g001){#F1}

Concomitant medications like erythromycin, azole antifungals, vitamin K antagonists, immunosuppressives, glitazones, systemic steroids or any medication interacting with the statin metabolism was not permitted during the study. The patient was discontinued from the trial, if the patient took lipid-lowering medication (other than the medication understudy).

Study population {#sec2-2}
----------------

Patients (male or female) ≥18 years were eligible for the study if they had metabolic syndrome as defined by the presence of at least three of the following: Abdominal obesity (waist circumference \>102 cm for men and \>88 cm for women); TG ≥1.70 mmol/L (150 mg/dL); HDL-C \<1.04 mmol/L (40 mg/dL) for men and \<1.30 mmol/L (50 mg/dL) for women; Blood Pressure ≥130/85 mmHg or receiving antihypertensive treatment; and Fasting blood glucose ≥6.11 mmol/L (110 mg/dL).\[[@ref1]\] Patients were also required to have LDL-C ≥3.36 mmol/L (130 mg/dL) and additional multiple risk factors conferring a 10-year CHD risk score of \>10%. The exclusion criteria included the following: Use of lipid-lowering agents within the past 6 months; TG ≥5.65 mmol/L (500 mg/dL); LDL-C ≥6.48 mmol/L (250 mg/dL); Documented history of CHD or other atherosclerotic disease; A history of known familial hypercholesterolemia; A history of serious or hypersensitivity reactions to other statins; Uncontrolled hypothyroidism; Uncontrolled hypertension; Acute liver disease or hepatic dysfunction \[hepatic transaminases or bilirubin ≥1.5× the upper limit of normal (ULN)\];unexplained serum creatine kinase (CK)\>3× ULN; and use of prohibited concomitant medications.

Endpoint assessments {#sec2-3}
--------------------

### Efficacy {#sec3-1}

Blood samples were collected at6 weeks (beginning of the dietary lead-in period), 0 weeks (randomization) and 12 weeks. The primary efficacy variable was percentage change in LDL-C from baseline levels to 12 weeks of treatment (Rsv 10 mg vs. ATV+EZE 10/10 mg). Secondary endpoints included: Percentage of patients achieving the LDL-C goal of \<2.59 mmol/L (100 mg/dL) at 12 weeks; percentage change in total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C) from baseline to 12 weeks.

### Safety and tolerability {#sec3-2}

Adverse events reported spontaneously by the patients, revealed by observation or elicited in response to an open question, were recorded. Laboratory safety variables included: Hemoglobin, platelet count, leucocyte count, serum aspartate aminotransferase (ASAT), serum alanine aminotransferase (ALAT), serum alkaline phosphatase, serum bilirubin, CK and serum creatinine. Pre-specified safety variables included the incidence of ALT and AST elevations ≥3 times ULN and CK elevations of 5-10 with muscle symptoms or ≥10 times ULN with or without muscle symptoms. Myopathy was prospectively defined as CK elevations ≥10 times ULN associated with muscle symptoms with no other plausible etiology such as exercise or trauma. Causality assessment of all the adverse events was done according to Naranjo scale.\[[@ref55]\]

Laboratory methods {#sec2-4}
------------------

Lipids in total serum were measured using automated enzymatic methods. TC was measured by CHOD-PAP method\[[@ref56]\] by a commercially available kit. HDL-C was measured by PEG-PAP method\[[@ref57]\] by a commercially available kit. TG was measured by enzymatic Glycerol Phosphate Oxidase-Phenol+Aminophenazone (GPO-PAP) method\[[@ref58]\] by a commercially available kit from Pointe Scientific Inc, USA. LDL-C is calculated using Friedewald\'s equation.\[[@ref59]\] All other analyses were performed at the central laboratory.

Statistical analysis {#sec2-5}
--------------------

To detect a clinically significant difference of 6% in the primary endpoint, i.e., mean percentage change in LDL-C from baseline to 12 weeks between ATV+EZE (10/10) mg and Rsv (5) mg; with a power of 90%, significance level of 5%, and a standard deviation of 10, a total of 59 patients per active treatment arm were required. Assuming a withdrawal rate of 10%, approximately 65 patients per treatment arm would need to be randomized using a ratio of 1:1. Efficacy data was evaluated on the basis of the intention-to-treat (ITT) populations, which consisted of all patients with at least one dose of study medication, a baseline reading, and at least one post-baseline assessment for one or more lipid variables in the randomized treatment period. Last observation carried forward (LOCF) was used on the ITT population for patients with missing data. Efficacy endpoint analysis was done by Students' independent *t*-test. The proportion of patients reaching the LDL-C goal of ≤100 mg/dl was analyzed using a Mantel-Haenszel test. Safety data were evaluated for all patients who received at least one dose of study medication.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Patient demographics {#sec2-6}
--------------------

A total of 507 patients were screened; of which183 met the eligibility criteria and were enrolled for the dietary lead-in period. Out of this, 48 patients discontinued before randomization for various reasons like consent withdrawal, protocol violation, lost to follow-up etc., so the ITT population consisted of 135 patients \[[Figure 2](#F2){ref-type="fig"}\]. Three patients from the Atv+Eze group and 4 from Rsv discontinued after randomization, so 128 patients completed the study. [Table 1](#T1){ref-type="table"} shows the demographics and baseline characteristics of the population. Both the groups were well matched.

![Study design](IJEM-17-472-g002){#F2}

###### 

Baseline characteristics of the ITT population

![](IJEM-17-472-g003)

Efficacy {#sec2-7}
--------

[Table 2](#T2){ref-type="table"} shows the mean reduction in lipids at the end of 12 weeks; there was no significant difference in the percentage of LDL-C reduction between the two arms (32.3% vs. 30.3%, *P* \> 0.05). There was also no significant difference (--3.5%, *P* \> 0.05) regarding the percentage of TC reduction between the two arms. Both treatments increased the HDL-C level; with Atv+Eze more than Rsv group (8% vs. 3.9%) but the difference between them was not significant. Atv+Eze combination arm was significantly better than Rsv arm with reference to triglyceride and VLDL reduction (--6.7%, *P* \< 0.05). The total percentage of patients reaching the LDL-C goal of ≤100 mg/dl was 61.7%. More patients in the Atv+Eze combination group reached the goal (65% vs. 58.3%), but this was not statistically significant. Moreover, the overall percentage of females reaching the goal was greater than males (66% vs. 56%).

###### 

Mean percentage change in efficacy parameters from baseline to 12 weeks
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Safety {#sec2-8}
------

[Table 3](#T3){ref-type="table"} shows the adverse events in the treatment groups. Both the treatments were well tolerated. A total of 19.1% of the patients from Atv+Eze combination arm and 16.4% from Rsv arm experienced the events. There was no significant difference between the two arms. All the adverse events except one were in the "doubtful" or "probable" (Naranjo 0 to +2) category based on Naranjo scale. Severity was also 0 (no disability) to 1 (minor temporary) The Adverse Drug Reaction profile of both the groups was similar. The Liver Function Test (LFT), Renal Function Test (RFT), hemogramand platelet counts were within the normal limits in both the groups after 12 weeks. The most frequent adverse events were headache and loose stools which were unrelated to the medication under study. No patient in the Atv+Eze arm experienced any Side effect related to treatment but one patient in the Rsv arm experienced serious adverse event (myalgia) related to treatment causing withdrawal from the study. In this case also, there was no clinically important elevation of CK \>5× ULN or any associated muscle symptoms.

###### 

Number and percentage of patients with adverse events

![](IJEM-17-472-g005)

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

The problem of metabolic syndrome is increasing day by day in India; the South Asian population is more prone to develop diabetes and CHD.\[[@ref4][@ref5]\] India especially is becoming the diabetes capital of the world. The statins are the most effective and best-tolerated agents for treating dyslipidemia and they are recognized as first-line therapy for lowering cholesterol levels.\[[@ref14][@ref16][@ref17][@ref18][@ref19]\] Moreover, they also have pleiotropic effects which are beneficial in metabolic syndrome pathophysiology. Recent guidelines call for a more aggressive lipid lowering but still, many patients on statin monotherapy fail to achieve the optimum lipid goals. Further, the statins demonstrate only an additional 6% reduction in LDL-C for every doubling of the dose, while side-effects increase linearly with dose. This is the first study evaluating the efficacy and safety of Rsv versus a combination of ATVand EZE in patients with metabolic syndrome in the Indian population.

Results of this study show that there is no significant difference in LDL-C reduction between the two treatment arms. Many previous studies have shown a superiority of Rsv over ATV\[[@ref42][@ref60][@ref61][@ref62][@ref63][@ref64][@ref65][@ref66][@ref67][@ref68][@ref69]\] but when EZE is combined with ATV, we found no significant difference (32.3% vs. 30.3%, *P* \> 0.05). This finding is consistent with the previous studies where EZE+ATV co-administration therapy was shown to produce significant incremental reductions in LDL-C with no increased risk of adverse effects when compared with ATV alone in patients with raised cholesterol.\[[@ref52][@ref53][@ref54][@ref70][@ref71][@ref72]\] This may be due to dual inhibition of intestinal cholesterol absorption by EZE and cholesterol biosynthesis by ATV. High levels of HDL-C are considered to be good for CHD; in this study, both the treatment arms increased the HDL-C level but there was no significant difference between both the arms. As seen in the table, there is a significant difference in Triglyceride reduction between the two arms with Atv+Eze combination decreasing more than Rsv. EZE interferes with absorption of dietary cholesterol/TG at the intestinal brush border (exogenous pathway), thus decreasing their level. Other parameters like TC are reduced by both treatments but with no significant difference. In previous studies, patients on Rsv have consistently shown to reach target lipid goals more than ATV; but in our study, more patients in the combination arm reached the goal. Reason is the same as explained previously. Moreover, the overall percentage of females reaching the goal is higher which is consistent with previous studies but there was no subgroup-by -treatment interaction when data were stratified by age-group, baseline LDL-C levels and BMI (body mass index).

Both the therapies were well tolerated in this high-risk population. Major concerns with statin therapy include the rare occurrence of serious muscle-related adverse events (myopathy and rhabdomyolysis) and the potential for elevating serum transaminases.\[[@ref73][@ref74]\] There were no clinically significant differences between EZE+ATV combination therapy and RSV with regard to the incidence of any clinical or laboratory adverse event. Safety of both the regimens has been established previously.\[[@ref54][@ref71][@ref75][@ref76][@ref77]\]

We have chosen the minimal dose recommended for Asian population which might be the reason for absence of any serious event. Compliance of both regimens was good as the both were given once daily.

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

Co-administration of EZE with statin is a treatment strategy that targets both the synthesis and intestinal absorption of cholesterol. It has been shown to produce significant incremental reductions in LDL-C beyond that achieved by either agent alone.\[[@ref70][@ref71][@ref72][@ref78]\] This treatment regimen may be especially advantageous for CHD patients who frequently fail to attain optimal LDL-C levels with the highest doses of the most effective statins on one hand and minimizing adverse events on the other. In our study, the combination therapy is found to be equally safe and compliant, reducing the TG more than Rsv, and enabling more patients to reach the lipid goal.
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